Rose, being among the most important cut-flowers to the market, suffers from a limited vase life due to withering. According to the literature, storage carbohydrates in the plant are important to longevity of its cut-flowers. A factorial experiment was designed based on completely randomized blocks; having sucrose concentration (0, 4 and 8%) as the main factor and the number of spraying actions (1, 2, and 3 times after emergence of buds) as the sub-factors, with 5 replicates. After harvesting, flowers were placed in distilled water in the laboratory. Quantitative as well as qualitative factors such as weight loss process, vase life, chlorophyll content of the leaves, and other appearance factors were evaluated. The results showed that spraying with 8% sucrose solution, twice at 10 and 15 days after bud emergence maximizes the longevity of the cut-flowers; in a way that on the 8 th day postharvest, it had preserved its quality well; while the control treatment showed a largely reduced quality on the 4 th day after being harvested.
INTRODUCTION
Roses are the most important ornamental flowers, usually grown for cut-flower, pot-flower, or in landscapes and gardens, as well as for fragrance production. A flower has its beauty as long as it is fresh. A number of factors affect the longevity of cut-flowers, and these factors may act in interactions. Compared to the production industry, the vase life of cut-flowers has not been successful enough, and some freshly harvested flowers lose their quality before reaching the market, through harvesting, packaging, transfer, and sale; and a large portion of remaining flowers are sold in undesirable quality conditions resulting in discontent of the consumer. Reducing postharvest damage brings about an optimal usage of agricultural products. One of the most important means to increase the longevity of gardening products, especially in the case of flowers, is attention to the preharvest conditions. Such conditions include temperature, fertilizers, irrigation, environmental humidity, controlling pests and diseases, and the time of harvesting, as well as postharvest factors such as temperature, relative humidity, ethylene production, ethylene sensitivity of the flower, microorganism infections, respiration, water loss, and harvest method and postharvest treatments.
Many researchers showed that carbohydrate is major carbon source required for bud opening in the flowers (Reid and Kofranek, 1980; Helevy and Mayak, 1981; Reid and Evans, 1986) . The content of soluble carbohydrate in the stem is the most important factor to increase cut-flower longevity. Carbohydrates are a large group of biochemical most of which have essential roles in survival of living organisms. These substances play fundamental roles both in metabolism and in structure of plants. Carbon dioxide is fixed through photosynthesis in chloroplasts of the leaf, is transformed into sucrose to be transferred to other plant tissues. The general favoring effects of sugars on supplying a substrate for respiration, and thus increasing the longevity of flowers has been reported. Sugar supplies substrate for respiration, preserves an equilibrated water balance, reduces the sensitivity to ethylene, delays the climacteric ethylene production and thus increases the longevity of flowers (Umed and Kazuo, 2003) .
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Kazuo and Kenichi (1999) showed that the short longevity of some rose cultivars can be related to vessel blockage or to low sugar content. Among the sugars available in rose are methyl glycoside, mio-inositol, fructose, sucrose, and glucose; with the soluble sucrose having a more important effect on longevity. Stone et al. (2001) reported that addition of sucrose or putting in sucrose solution reduces the leaf blacking in cut-flowers of salvia, but in some cases it causes a progression of the problem. Addition of 2.5% glucose to the vase water increased the longevity of salvia from 6 days (in case of control plants) to 20 days. In a study on magnolia with sucrose and HQS treatments, a positive correlation between the concentration of sugar in the leaf and flower longevity, and a negative correlation between sugar concentration and ethylene production were observed. Fertilization of nutrients has become a conventional method in gardens, while sugar fertilization has not been widely studied. Bassiony et al. (1993) in a study of lettuce fertilization with 1-6% sucrose and urea combinations, reported that urea together with 2% sucrose has better effects regarding lettuce quality and yield compared to control treatments. Soybean was sprayed with 1-2% sucrose three times for 4 days from the time of grain filling, showed a higher total soluble sugar content in comparison to control Cheo et al. (1993) studied different combinations of fatty acids with different percentages of sucrose together with urea fertilization, and reported the S-1570 compound in combination with sucrose for foliar fertilization. Sucrose fertilization on cotton increased the ascorbic acid in the plant compared to controls, even in case the leaves were removed from the main stem. Hashino and Polito (1987) showed that 3% glucose fertilization increases both the cold hardiness and photosynthetic activity in lettuce compared to control. Zakinthonose et al. (1995) studying on pistachio var. Aegina, spayed a sugar solution containing 3% sucrose, 2% glucose, 1% rafinose, 1% inositol, and 5% copper fungicide in the period of rapid growth and development in which the plant severely needs these sugars. This treatment caused 85-95% increment in open kernel and 5-8% in fresh weight.
Hokm Abady et al. (1999) sprayed a sugar combination of sucrose 3%, glucose 2% and copper 5% fungicide in different developmental stages of pistachio and observed a better condition in quality traits such as open kernel, seedless and deformed fruits compared to control. Omar and Mendoza (2005) sprayed the strawberry with sucrose combined with urea, and observed an increased dry weight of stem and root. The nitrogen loss of root and shoot was increased by urea, but decreased by sucrose. Khoshbakht (2001) reported that carbohydrates had a positive effect on increasing fresh and dry weight of pistachio. Bhatt et al. (1987) in a study of sucrose fertilization on cotton, observed an increased ascorbic acid compared to control, spraying with glucose significantly increased the yield of cotton fibers.
The literature shows an important role for carbohydrate fertilization may have a role in improving qualitative and quantitative conditions of certain crops. Flower longevity, especially in case of roses, has been shown to correlate with soluble sugars content of the plant and here we investigate the use of pre-harvest sugar spraying for improving postharvest quality of cut rose flowers.
MATERIALS AND METHODS
The work was conducted in 2006 in a greenhouse of The Orchard Organization of Astan-e-Qods-e-Razavi, Mashhad, Iran. The soil texture was loam-silt with a pH of 7.6. A factorial design in the basis of completely randomized blocks with sucrose concentration on three main levels (0, 4 and 8%) and the number of spraying applications as the submain levels (1, 2 and 3 times) were used as the experimental design.
The flowers were harvested at a length of 70-80 cm and immediately transferred to the laboratory of Horticultural Sciences Dept. with an average temperature of about 21°C. The light was supplied 24 h a day with fluorescent lamps at 4 m height at intensity of 9.1 μmol m 2 s 2 in daytime and 3.24 μmol m 2 s 2 at nights. The relative humidity was about 60%. Flowers were cut immediately in the water with a height of 40 cm and all leaves except the 3 upper ones were removed. The traits included flower bud diameter, flower stem diameter, flower bud height, fresh weight of flower stem, stem dry weight, chlorophyll content of the leaves, flower bud diameter before harvest, flower bud height before harvest, flower wilting, and the intensity of petal browning with scaling which scale 1 showed the best petal color (without browning) and scale 3 the worst petal color (completely browning).
RESULTS AND DISCUSSION
No concentration of sucrose solution significantly changed the flower diameter. The time of fertilization and interactions between concentration and time of fertilization had no significant effect on flower diameter. Ichimura et al. (2002) reported that sucrose did not change the flower diameter of rose cultivars after harvesting. In another study by Ichimura et al. (1999) HQS + sucrose significantly increased the flower diameter. Our results are in agreement with Ichimura (2002) but not with Ichimura et al. (1999) , perhaps because they have used HQS 1 in addition to sucrose or because of the difference between sucrose concentrations. Also, carbohydrates may be more available from a vase solution than from a spray. And the timing of the application is important. After harvest treatments not expected to change flower size, rather improve expansion and opening and delay senescence.
Sucrose fertilization could increase the stem diameter, with 4% being the best sucrose concentration, followed by 8% ( Table 2 ). The effect of time of fertilizer and interactions between concentration and time of fertilization on stem diameter had no significant effect. No significant difference was observed between treatments as affect the flower bud height.
The concentration of the solution was significantly affective on fresh weight; with the highest value being that of 4% sucrose (29.19 g) followed by 8% sucrose (27.51 g); and the lowest value was that of control (23.01 g) ( Table 2) .
No significant differences were found on the effect of time of fertilization and interactions between concentrations on fresh weight of cut flowers. Ichimora et al. (2002) reported that sucrose fertilization increased the fresh weight of control treatment through 3-5 days in roses, but after this period the fresh weight was decreased. The application of sucrose on magnolia resulted in a two-days-long increase followed by a decrease in floret fresh weight in control treatment, however this reduction was delayed by a later sucrose application; and earlier sucrose application caused an increment in stem fresh weight. In a similar study, Bassiony et al. (1993) observed that urea combined with 2% sucrose fertilizer had better effects on quality and yield of lettuce compared to control.
The effect of sucrose concentration, time of fertilization and interactions between concentration and time of fertilization on cut rose flowers dry weight showed no significant change (Table 3) . Omar and Mendoza (2005) showed that urea + sucrose fertilizer on strawberry, observed an increase in shoot as well as root dry weight. Bhatt et al. (1987) observed a significant increment in cotton fiber yield due to sucrose fertilizer. These reports are agreed with our results, in which sucrose increased the dry weight.
A significant difference was observed in the chlorophyll content of leaves at different sucrose concentrations. The highest chlorophyll content was observed in control treatment (46.93 spat number, Table 1 ) followed by 4% sucrose spray (44.15) then 8% sucrose spray (44.42 spat number, Table 2 ).
A significant difference was also observed in flower bud length before harvesting. The 4% sucrose spray treatment produced the longest buds (2.66 cm) followed by 8% sucrose spray and the shortest bud were found in the control flowers (Table 1) .
The effect of solution concentration on flower freshness after 8 days was significant and the highest quality was observed in 8% sucrose spray treatment followed by 4% sucrose and the lowest value was at the control treatment (Table 1) . Tamagawa et al. (2001) reported that longevity of roses harvested in autumn is lower compared to those harvested in summer and the reason lies in lower carbohydrate content in autumn time. Donor (2001) reported that flowers treated postharvest with sugar partially lose their sensitivity to ethylene and this results in a delayed senescence. Ichimura et al. (1999) had showed an increased longevity of magnolia from 3 to 6-8 days using sucrose. Stephens et al. (2001) reported that addition of 2.5% glucose to water increased salvia longevity from 6 to 20 days. Bassiony et al. (1993) reported a better quality and yield of lettuce using urea combined with 2% sucrose fertilizers in comparison to control. Our results showed an increased longevity of Alexander rose fertilized with sucrose, which is in agreement with the reports in the above mentioned literature.
The effect of the spray sucrose concentration on browning reduction was significant with the 8% concentration (2.341) showing the best effects (Table 1 ). The lowest (2.65) browning was that of 2 times and 8% treatment followed by 3 times and 4% (2.25), and the highest (1.53) browning was observed in case of controls (Table 3) .
There are literature reporting better qualitative and quantitative results in different flowers by the optimal use of minerals; however carbohydrate fertilizer has not previously been reported on flowers and can result in positive effects in it.
Researchers have discussed different mechanisms to explain the effects of carbohydrate fertilizers. Klinger and Emmert (1952) suggested that qualitative and quantitative effects of sucrose and dextrose fertilizer is related to elevated leaf carbohydrate content, however Bhatt and Enganayagi (1987) have correlated an increased ascorbic acid content. Ikada et al. (1991) suggest that better urea absorption is due to increased water surface tension and surfactants-like effects of sucrose and fatty acids. Bassiony et al. (1993) in a similar work relate the qualitative and quantitative effects to increased total carbohydrates of the plant and elevated energy needed for plant metabolism.
As previously noted, carbohydrate fertilizer is a new concept, with special importance in case of cut-flowers which have their vase life seriously affected by lack of storage compounds especially sucrose and soluble carbohydrates. Further work is needed to determine the best time and concentration of carbohydrate fertilizer for roses. However the concentration we used in this experiment had no problem during postharvest in terms of stickiness, fungal or bacterial infection. 
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